This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representation of 
The original documents submitted by the appHcant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report tiie images to the 
Image Problem Mailbox. 



^"•SPABE BLANK 



(USPTQ) 



(19) 



J 



(12) 



(43) Date of publication: 

20.08.1997 Bulletini 997/34 

(21 ) Application number: 97102258.7 

(22) Date of filing: 12.02.1997 



Eur paisches Patentamt 
European Patent Office 
Office eur peen des brevets (11) EP 0 790 404 A1 

EUROPEAN PATENT APPLICATION 

(51) Int. Ci.«: F02M 61/16, F02M 51/08 



(84) 


Designated Contracting States: 


• Ohsuga, Minoru 




DE GB IT 


Hitachinaka-shi, Ibaraki 312 (JP) 
• Ishikawa, Tohru 


(30) 


Priority: 14.02.1996 J P 26453/96 


Kitaibarakl-shI, Ibaraki 31 9-1 7 (JP) 


(71) 




• Souma, Masahiro 


AppI teams: 


Hitachi-Shi, Ibaraki 316 (JP) 




HITACHI. LTD. 




Chtyoda-ku, Tolcyo 101 (JP) 


(74) Representative: Beetz & Partner 




Hitachi Car Engineering Co., Ltd. 


Patentanwalte 




Hitactiinaka-sni. Ibaraki-ken 312 (JP) 


Steinsdorfstrasse 10 


(72) 




80538 Munchen (DE) 


Inventors 




Okamoto. Yoshio 

Higashiit>araki-gun, Ibaraki 319-01 (JP) 





(54) In-cylinder fuel injection device and internal combustion engine mounting the same 

(57) A fuel injection device (76) directly injecting fuel 
into a cylinder (96) is exposed to combustion flame and 
heated to nearly 300^ C Under such a temperature con- 
dition, it is accelerated to produce deposits of carboni- 
zation-growing materials of the injected gasoline and a 
mixture of engine lubricant and the gasoline and soot 
produced from the deposits which are attached onto the 
top end portion of the fuel injection device. By prevent- 
ing change in the fuel injection characteristic with time 
due to attaching of the deposits and soot, an engine Is 
maintained in a normal combustion state for a long time. 
In order to attain the object, a cylindrical cover member 
(30) with bottom made of a high thermal conductive 
material is mechanically fixed to the top end portion of 
the electromagnetic fuel injection valve through an insu- 
lator (29). The cover member (30) is heated by combus- 
tion heat of the engine up to a temperature higher than 
a deposit producing temperature, and accordingly 
deposits are suppressed to attach onto the cover mem- 
ber (30). 




33 32 31 



< 

o 
o 

o 

CL 
LU 



Printed by Rank Xeroc (UK) Business Services 
2.14.12/3.4 

BNSDOCID: <EP 0790404A1_I_> 



EP 0 790 404 A1 



Description 

Background of the Invention 

5 The present invention relates to an internal combustion engine of in-cylinder fuel injection type ion which gasoline 

is directly injected into a combustion chamber, and more particularly to a fuel injection valve of electromagnetic type for 
directly injecting fuel into a combustion chamber. 

As for a gasoline engine among internal combustion engines, a conventionally widely used engine is of such a type 
that fuel is injected into an air-Intake port using an electromagnetic valve. Intake air and the fuel are mixed inside the 

10 air-intake port, and the mixed gas is ignited and burned in a combustion chamber to generate power. 

On the other hand, in a diesel engine mainly using light oil as the fuel among internal combustion engines, fuel is 
directly injected into a combustion chamber, and the fuel is burned in spontaneous combustion by compressed air 
inside the combustion chamber to generate power. However, even in the gasoline engine described above, an in-cylin- 
der fuel injection combustion type directly injecting in the combustion chamber is proposed in order to improve response 

15 of the internal combustion engine. 

In such a gasoline engine of in-cylinder fuel injection type gasoline engine, since a spark plug is provided at the top 
of the combustion chamber as an ignition means different from a diesel engine, arrangement of the electromagnetic fuel 
injection valve is limited. That is, since temperature of a position near an exhaust valve becomes high, the fuel injection 
valve cannot be placed there. In the other hand, since the air-intake valve side is less affected by the combustion gas 

20 though there is an intake passage there, it is proposed that the electromagnetic fuel injection valve is installed near the 
air-intake valve. 

Even if the electromagnetic fuel injection valve is installed near the air-intake valve in the cylinder head, tempera- 
ture of the cylinder head of the gasoline engine becomes 250 to 300 during operation of the engine. Therefore, the 
front end portion of the electromagnetic fuel injection valve is also heated up to near the same temperature. Under such 

25 a temperature condition, it is accelerated to produce deposits of carbonization-growing materials of the injected gaso- 
line and a mixture of engine lubricant and the gasoline. Most of the deposits are amorphous flakes. However, when the 
temperature is increased, the carbonization is further progressed to form soot of a grain structure having a size of sev- 
eral tens nano-meters. The deposits and the soot attaches and accumulates onto the wall surface of the combustion 
chamber and the valve front portion of the electromagnetic fuel injection valve. 

30 In order to solve the problem of accumulation of the deposits and the soot. Japanese 'Patent Application Laid-Open 

No.3-225068 proposes that an externally opening valve is employed and ring-shaped projections projecting outward 
are provided in the peripheral portion of the front end of the valve head and in the peripheral portion of an opening of 
the fuel injection nozzle of the valve body. By doing so, appropriate fuel injection is performed by that the projections 
concentratively receive heat from the engine compared to the other parts and the temperature of the projection is locally 

35 i ncreased to suppress formation of deposits due to the attached fuel drops. 

Japanese Patent Application Laid-Open No. 6-1 47022 discloses a fuel injection device for directly injecting fuel into 
a combustion chamber in which exhaust gas is recirculated in order to decrease NOx exhaust. 

In general, the deposits and the soot attached onto the wall surface of the combustion chamber are not considered 
as a problem since they increase the thermal insulating efficiency to improve the combustion efficiency However, when 

40 the deposits are attached and accumulated at the valve front portion of the electromagnetic fuel injection valve, partic- 
ularly near the fuel injection nozzle and at an inside portion of the fuel injection nozzle provided at the front end portion 
of the electromagnetic fuel injection valve, the injecting direction and the fuel spray shape are changed and the fuel mist 
partide size becomes large. Therefore, the engine is exerted not only a bad influence on combustion, but the fuel injec- 
tion nozzle is choked and the injection resistance is increased. As the result, a desired amount of fuel injection cannot 

45 be injected. In a worst case, it is worried that fuel cannot be injected and consequently the cannot be operated. 

Therefore, in the case of Japanese Patent Application Laid-Open No.3-225068 described above, it is intended that 
a heat spot, which is locally increased to a high temperature. Is formed to decrease generation of the deposits and the 
soot. However, since the heat capacity of the heat spot Is small, the temperature Is rapidly decreased at Intake stroke 
and deposits are generated at that time, and the deposits are carbonized in the next combustion stroke. Therefore, 

50 there is possibility that the desired effect cannot always be obtained. 

In the other hand., in the case of Japanese Patent Application Laid-Open No.6-147022 described above, although 
NOx exhaust is reduced, the deposits and the soot attached near the injection nozzle of the fuel injection valve is not 
sufficiently considered and there is possibility to cause degradation In performance of the fuel Injection valve. 

The Inventors of the present Invention have been experimentally studied on an in-cylinder fuel injection device 

55 capable of applying to a gasoline engine with taking the results of the conventional technology into consideration. As a 
result, the following are revealed. 

(1) When a spread angle of fuel spray particles injected from a fuel Injection valve is narrow, penetrating force of 
the fuel spray that is. kinetic energy In the injecting direction becomes large. However, when the fuel spray particles 
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reach an inner wall surface of the cylinder facing the fuel spray, the fuel spray particles are changed in a form of a 
film. The fuel film takes a long time to be evaporated, and a part of the fuel is not completely evaporated and 
remains to form a mixture having a dense fuel concentration, and cause red-flame burning to cause a lot of soot. 

(2) In the other hand, when the spread angle of fuel spray particles is sufficiently wide, penetrating force of the fuel 
5 spray becomes weak. However, the fuel spray particles hit on a dish-plate portion of the air-intake valve projecting 

into the cylinder and a part of the fuel spray particles hit the inner wall surface of the cylinder head passing through 
the dish-plate portion, and becomes in a form of a film-shape as the same as described in the item (1) above. The 
fuel spray particles attached onto the disk-plate portion of the air-intake valve are re-atomized by the intake air flow 
flowing into the cylinder to moderate the bad effect on combustion. The fuel attached onto the cylinder head burns 
io in red-flame since it takes a long time to be evaporated as the same as described in the item (1) above. 

(3) A spark plug is arranged near the central portion of the cylinder head, and when the fuel attaches to the spark 
plug, normal generation of spark does not perform and consequently comtwjstion cannot be started. 

From the above results, in order to properly operate an engine in a wide rotating speed range from starting to a 
15 rated speed state after starting it is preferable that the spread angle of fuel spray particles is set to 60° to 90° . Further, 
it has been found that there is a appropriate angle range in the spread angle of fuel spray particles depending on an 
operating condition of the engine. For example, it is preferable to produce an optimum fuel injection condition where the 
spread angle of fuel spray particles is suppressed small, namely nearly 60° , to form a good flammable condition when 
temperature of the wall surface is low such as at starting time, and the spread angle of fuel spray particles is widened, 
2o namely nearly 90° , to disperse the mixture of fuel and air and to decrease a generating amount of soot by suppressing 
local red-flame burning when combustion is progressed and the temperature of the wall surface becomes high. 

Various shapes are proposed as a nozzle shape of an electromagnetic fuel injection valve for producing fuel spray 
particles. The authors of the present invention recognized that freedom of forming fuel spray was Increased by giving a 
swirl to fuel in the upstream side of a single hole orifice, and obtained the combustion results described above by adjust- 
25 ing the spread angle of fuel spray particles by giving a swirl to fuel in the upstream side of a single hole orifice. In the 
other hand, in an electromagnetic fuel injection valve of this type, deposits and soot attach onto the injection valve itself. 
The reason is that temperature of the surface of the fuel injection valve Is heated up to 170°C to 200°C by heat directly 
received from combustion and by heat conduction from the cylinder head, and It Is estimated that the top end portion of 
the fuel injection valve becomes to a further high temperature since it is exposed to the combustion gas. 

Summary of the Invention 

In an electromagnetic fuel injection valve capable of directly injecting fuel in a combustion chamber, an object of the 
present Invention to solve the aforementioned problems in the prior art Is to prevent deposits and soot from attaching 
35 and accumulating onto the vicinity of the injection nozzle and to lessen time varying degradation in the performance of 
the fuel injection valve. 

In an Internal combustion engine mounting an electromagnetic fuel Injection device capable of directly Injecting fuel 
in a combustion chamber, another object of the present invention Is to maintain normal operation of the Internal com- 
bustion engine. 

4o A further object of the present invention Is to provide an electromagnetic fuel Injection device capable of directly 
Injecting fuel In a combustion chamber which Is low In cost and long In life. 

A still further object of the present invention is to provide an electromagnetic fuel injection valve capable of directly 
injecting fuel In a combustion chamber which can continue atomizing fuel for a long time. 

In an internal combustion engine mounting an electromagnetic fuel Injection device capable of directly Injecting fuel 
45 In a combustion chamber, a still further object of the present invention Is to maintain normal operation. 

A further object of the present invention is to provide a fuel injection device and an internal combustion engine 
rriounting the fuel Injection device which can accurately measure a fuel flow rate necessary for the internal engine even 
when deposits and soot are attached onto the fuel injection device. 

A first embodiment of the present invention to attain the above objects Is an In-cylinder fuel injection device for 
so directly Injecting fuel into an combustion chamber of an internal combustion engine in which a fuel passage for passing 
fuel is formed, wherein the in-cylinder fuel Injection device further comprises a valve member for opening and closing 
the fuel passage, a fuel swirl member for giving swirl to fuel provided in the upstream side of an opening and closing 
portion of the valve member, a fuel injecting hole member having a through hole for passing fuel provided in the down- 
stream side of the opening and closing portion, and a cover member for covering the fuel injecting hole member having 
55 an injecting hole and made of a high thermal conductive material. 

It Is preferable that the cover member is made of any one of a brass and an aluminum alloy It is also preferable that 
the cover member has at least one concave portion at a contact surface side with the fuel injection member Further, it 
is preferable that surface temperature near the injecting hole of the cover member is raised to a temperature from 550°C 
to 1050°C during operation of the internal combustion engine. 
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A second embodiment of the present invention to attain the above objects is an in-cyllnder fuel infection device for 
directly injecting fuel into an combustion chamber of an internal combustion engine in which a fuel passage for passing 
fuel is formed, wherein the in-cylinder fuel injection device further comprises a valve member for opening and closing 
the fuel passage, a fuel swirl member for giving swirl to fuel provided In the upstream side of an opening and closing 
5 portion of the valve member, a fuel injecting hole member having a through hole for passing fuel provided in the down- 
stream side of the opening and closing portion, and the fuel injection member has a thermal conductance improving 
member for improving thermal conductance to the side facing the combustion chamber of the interna! combustion 
engine. 

It is preferable that the thermal conductance improving member is a member for increasing a surface area thereof 

10 by providing projections or depressions. It is also preferable that the thermal conductance improving member is a sur- 
face vapor-deposited layer for increasing thermal conductance. 

A third embodiment of the present invention to attain the above objects is an in-cylinder fuel injection device for 
directly injecting fuel into an combustion chamber of an internal combustion engine in which a fuel passage tor passing 
fuel is formed, wherein the in-cylinder fuel injection device further comprises a valve member for opening and closing 

15 the fuel passage, a fuel swirl member for giving swirl to fuel provided in the upstream side of an opening and closing 
portion of the valve member, a fuel injecting hole member having a through hole for passing fuel provided in the down- 
stream side of the opening and closing portion, a cover member for covering the fuel injecting hole member having an 
injecting hole ma6e of a high thermal conductive material, and a thermal convection preventing means for preventing 
thermal convection from the cover member to the fuel injecting hole member provided between the cover member and 

20 the fuel injecting hole member 

In any one of the aforementioned embodiments, it is preferable that distance in the axial direction of the narrowest 
portion of the through hole provided in the fuel injecting hole member is within the range of 0.1 to 0.4 mm. 

A third entxxJimenI of the present invention to attain the above objects is an in-cylinder fuel injection device for 
directly injecting fuel into an combustion chamber of an internal combustion engine in which a fuel passage for passing 

25 fuel is formed, wherein the ia-cy(r»der fuel injection device further comprises a valve member for opening and closing 
the fuel passage, a fuel swirl member for giving swirl to fuel provided in the upstream side of an opening and closing 
portion of the vaJve merrtoer. a fuel injecting hole member having a through hole for passing fuel provided in the down- 
stream side of the opening and closing portion, and an amount of fuel to be injected into the internal combustion engine 
is measured in the opening and dosing portion of said valve member 

30 Further a fifth embodiment of the present invention is an in-cylinder fuel injection device for directly injecting fuel 

into an combustion chamber of an internal combustion engine in which a fuel passage for passing fuel is formed, 
wherein the in-cylinder fuel injection device comprises a ball valve member for opening and closing the fuel passage, a 
fuel swirl member for giving swirl to fuel provided in the upstream side of an opening and closing portion of the ball valve 
member, a through hole member having a through hole for passing fuel provided in the downstream side of the opening 

35 and closing portion, and a cover member for covering the through hole member having a fuel injecting hole in the center 
thereof, and an opening flow passage area (SV) of the opening and closing portion of the ball valve member and a flow 
passage area (SO) of the fuel injecting hole formed in the cover member satisfy relationship of SV<SO. 

In any one of the above embodiments, it is preferable that the in-cylinder fuel injection device Includes an electro- 
magnetic type fuel injection device. 

40 Furthermore, a sixth embodiment of the present invention to attain the above objects is an internal combustion 

engine comprising a cylinder, a cylinder head for covering an upper portion of the cylinder, an intake manifold forming 
an intake air passage for guiding intake air provided in the cylinder head, an exhaust manifold forming an exhaust gas 
passage for guiding exhaust gas provided in the cylinder head, an intake valve for choking the intake air passage, an 
exhaust valve for choking the exhaust gas passage, and a spark plug, wherein a fuel injection device for directly inject- 

45 ing fuel into a combustion chamber formed by the cylinder head and the cylinder is provided, and the fuel injection 
device comprises a fuel flow passage for passing fuel inside, a valve member for opening and closing the fuel passage, 
a fuel swirl member for giving swirl to fuel provided in the upstream side of an opening and closing portion of the valve 
member, a fuel injecting hole member having a through hole for passing fuel provided in the downstream side of the 
opening and closing portion, and a cover member for covering the fuel injecting hole member and made of either a 

so brass or an aluminum alloy- 
Still further, a seventh embodiment of the present invention is an internal combustion engine comprising a cylinder, 
a cylinder head for covering an upper portion of the cylinder, an intake manifold forming an intake air passage for guid- 
ing intake air provided in the cylinder head, an exhaust manifold forming an exhaust gas passage for guiding exhaust 
gas provided in the cylirxier head, an intake valve for choking the intake air passage, an exhaust valve for choking the 

55 exhaust gas passage, and a spark plug, wherein a fuel injection device for directly injecting fuel into a combustion 
chamber formed by the cylinder head and the cylinder is provided, and the fuel injection device comprises a fuel flow 
passage for passing fuel inside, a valve member for opening and closing the fuel passage, a fuel swirl member for giving 
swirl to fuel provided in the upstream side of an opening and closing portion of the valve member, a fuel injecting hole 
member having a through hole for passing fuel provided in the downstream side of the opening and closing portion, and 
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a cover member for covering the fuel injecting hole member and made of either of a brass or an aluminum alloy, and a 
thermal convection preventing means for preventing thermal convection from the cover member to the fuel injecting hole 
member provided between the cover member and the fuel injecting hole member. 

Further, an eighth embodiment of the present invention is an internal combustion engine comprising a cylinder, a 

5 cylinder head for covering an upper portion of the cylinder, an intake manifold forming an intake air passage for guiding 
intake air provided in the cylinder head, an exhaust manifold forming an exhaust gas passage for guiding exhaust gas 
provided into the cylinder head, an intake valve for choking the intake air passage, an exhaust valve for choking the 
exhaust gas passage, and a spark plug, wherein a fuel injection device for directly injecting fuel into a combustion 
chamber formed by the cylinder head and the cylinder is provided, and the fuel injection device comprises a fuel flow 

10 passage for passing fuel inside, a ball valve member for opening and dosing the fuel passage, a fuel swirl member for 
giving swirl to fuel provided in the upstream side of an opening and closing portion of the ball valve member, a through 
hole member having a through hole for passing fuel provided in the downstream side of the opening and closing portion, 
and a cover member for covering said through hole member in the center thereof, wherein an opening flow passage 
area (SV) of the opening and closing portion of the ball valve member and a flow passage area (SO) of the fuel injecting 

15 hole formed in the cover member satisfy relationship of SV<SO. 

According to the present invention, since the cover member including the fuel injecting hole is heated with combus- 
tion heat up to the cleaning temperature of deposits, and consequently it is possible to prevent deposits and soot 
changed from the deposits from attaching and accumulating onto the top end portion of the electromagnetic fuel injec- 
tion valve. 

20 Further, since an amount of fuel is measured by the sheet portion of the ball valve, a necessary amount of fuel can 

be supplied to the internal combustion engine even if deposits and soot are attached onto the exit portion of the elec- 
tromagnetic fuel injection valve. 

Therefore, in an electromagnetic fuel injection valve capable of directly injecting fuel into the combustion chamber, 
it is possible to prevent deposits and soot from attaching and accumulating onto the surrounding of the injecting hole 
25 and to decrease time varying degradation of the performance. 

Further, in an internal combustion engine mounting an electromagnetic fuel injection valve capable of directly 
injecting fuel into the combustion chamber, it is possible to maintain normal operation of the internal combustion engine. 

Furthermore, it is possible to provide an electromagnetic fuel injection device capable of directly injecting fuel into 
the combustion chamber which is low in cost and long in life time. 
30 Still further, it is possible to provide an electromagnetic fuel injection valve capable of directly injecting fuel into the 
combustion chamber which can continue atomization of fuel for a long time. 

Further, it is possible to provide an internal combustion engine mounting an electromagnetic fuel injection valve 
capable of directly injecting fuel into the combustion chamber which can maintain normal operation. 

Although it has been difficult in regard of life- time and reliability to realize an direct in-cylinder fuel injection, it is pos- 
35 sible from the above to maintain the Injection performance, to optimize the fuel spray shape and to promote atomization, 
and accordingly to maintain normal operation of an engine for a long time. 

Brief Description of the Drawings 

40 FIG.1 is a schematic diagram showing the system construction of an internal combustion engine of in-cy!inder fuel 
injection type in which fuel is directly injected Into the combustion chamber In accordance with the present Invention. 
FIG. 2 is an enlarged view of an engine in the system of FIG. 1 . 

FIG. 3 is a vertical cross-sectional view showing an embodiment of an in-cylinder fuel injection device in accordance 
with the present invention. 

45 FIG. 4 is a detailed view showing a fuel swirl member taking the cross-sectional plane of the line A-A of FIG.3. 

FIG.5 is a detailed cross-sectional view showing a swirl groove of a fuel swirl member. 

F1G.6 is an enlarged vertical cross-sectional view showing an embodiment of a valve of an in-cylinder fuel injection 
device in accordance with the present invention. 

F1G.7 is an enlarged vertical view showing an embodiment of a top end portion of an in-cylinder fuel injection device 
so in accordance with the present invention. 

F1G.8 is an enlarged vertical view showing another embodiment of a top end portion of an in-cylinder fuel injection 
device in accordance with the present invention. 

FIG. 9 is an enlarged vertical view showing a modified embodiment of a top end portion of an in-cylinder fuel injec- 
tion device In accordance with the present invention. 
55 FIG. 10 Is an enlarged vertical view showing a further embodiment of a top end portion of an in-cylinder fuel injec- 
tion device in accordance with the present invention. 

FIG.1 1 is a view showing a state mounting the in-cylinder fuel injection device in the system of FIG.1 . 



5 

BNSDOCID: <EP 0790404A1_I_> 



EP 0 790 404 A1 



Detailed Description of the Preferred Embodiments 



An embodiment of the present invention will be described in detail below, referring to the accompanying drawings. 
FIG.1 and FIG.2 show the system construction of an internal combustion engine having an embodiment of an elec- 

5 tromagnetic fuel injection valve in accordance with the present invention which is capable of directly injecting fuel into 
the combustion chamber. Referring to FIG.1 , a four-cylinder four-cycle gasoline engine 70 is connected to a high pres- 
sure fuel pump 71 through a belt 72. The high pressure fuel pump 71 is a mechanism to obtain a high pressure fuel by 
pressurizing fuel by cam driving, for example, by driving a piston to pressurize fuel, and has a delivery port 71a and a 
suction port 71b. The delivery port 71a and a fuel gallery 75 are connected with a high pressure pipe 73, and an accu- 

10 mulator 74 is arranged in the middle of the high pressure pipe 73. In-cylinder fuel injection devices 76 to be described 
later are arrayed and fixed onto the fuel gallery 75. 

A high pressure regulator 77 for maintaining pressure of the fuel supplied to the in-cylinder fuel injection devices 76 
is arranged in the downstream side of the fuel gallery 75. and the surplus fuel is guided from the fuel gallery 77 to a low 
pressure regulator 79 through a low pressure pipe 78 and returned to a fuel tank 81 through a returning pipe 84 con- 

15 nected to the low pressure regulator 79. A low pressure fuel pump 80 is installed inside the fuel tank 81 and connected 
to the suction side of the high pressure fuel pump 71 through a filter 82 and a low pressure pipe 83. An excessive part 
of the fuel supplied from the low pressure fuel pump 80 to the high pressure fuel pump 71 is guided to the low pressure 
regulator 79 through a branch pipe provided in the middle of the low pressure pipe 83 and returned to the fuel tank 81 
through the returning pipe 84. 

20 Number of the in-cylinder fuel injection devices 76 corresponds to the number of cylinders. A driver circuit 85 for 

controlling the in-cylinder fuel injection device 76 is connected to an engine control unit 86, and controls a fuel flow rate 
supplied to each of the in-cylinder fuel injection devices 76 corresponding to various commands from the engine control 
unit 86. The control unit 86 controls the engine 70 based on operating information such as a intake airflow rate, air tem- 
perature, engine water temperature, engine speed and so on. 

25 The internal combustion engine 70 constructed as described above will be described in detail, referring to FIG.2. 

A piston 95 reciprocally movable inside the cylinder 94 moves upward and downward in the cylinder 94 according 
to rotation of the engine shaft, not shown. A cylinder head is attached in the upper portion of the cylirKler 94 to form a 
closed space together with the cylinder 94. In the cylinder head 89 there are formed an intake manifold 88 for introduc- 
ing external air into the cylinder through an intake air flow rate control unit containing a throttle valve and an exhaust 

30 manifold for conducting combustion gas burned inside the cylinder 94. 

In the cylinder head 89, there are provided an intake valve 90 in the side of the intake manifold 87, a spark plug 91 
in the center and an exhaust valve 92 in the side opposite to the intake valve 90. Dish portions 90a, 92a provided in the 
intake valve 90 and the exhaust valve 92 are extended into the combustion chamber 96. An in-cylinder fuel injection 
device 76 in accordance with the present invention is attached to the cylinder head near the junction portion of the 

35 intake manifold 87. and set so that the direction of injecting fuel becomes slightly downward in the combustion chamber 
96. In the side portion of the in-cylinder fuel injection device 76, there is provided an intake air introducing passage 93 
for supplying a part of intake air to the in-cylinder fuel injection device 76. 

Fuel for the internal combustion engine 70 is directly injected into the combustion chamber 96 by the in-cylinder fuel 
injection device 76 in synchronism with intake air timing. In the combustion chamber 96, the fuel atomized by injection 

40 is promoted to be mixed with the air introduced through the intake manifold 88, compressed in the compression stroke 
and then fired by the spark plug 91 to be burned. 

As described in the section of "Background of the Invention", in the method where the fuel injection device 76 is 
attached onto the cylinder head 89 to directly inject fuel into the combustion chamber 96, there is an effect to reduce 
generation of NOx. CO, HC and so on compared to the conventional electromagnetic fuel injection device by leaning 

45 fuel, but there occurs a disadvantage in that deposits and soot are apt to attach to the top end portion of the fuel injec- 
tion device 76 since it is exposed to the combustion gas. A fuel injection device 76 which can reduce attaching of depos- 
its and soot will be described below, referring to F1G.3. 

FIG.3 shows an embodiment of an electromagnetic fuel injection valve composing the fuel injection device 76. 
The electromagnetic fuel injection valve 1 controls fuel injection by opening and closing a sheet portion formed 

so between a ball valve 6 and a nozzle member 7 corresponding to an ON-OFF signal of duty calculated and obtained in 
the control unit. A magnetic circuit is composed of a cylindrical yoke 3 with bottom, a core 2 and a plunger 4 facing the 
core 2 with a gap. and the core 2 is composed of a plug body portion 2a for closing an opening end of the yoke 3 and 
a column portion 2b extending in the center of the yoke 3. There is formed a hole in the center of the column portion 2b. 
Inside the hole there is inserted a spring 1 0 of an elastic member which presses a movable portion 4a composed of the 

55 plunger 4 and a ball valve 6 against sheet face 9 formed in the upper surface of a nozzle member. The nozzle member 
7 has a hole 8 for passing fuel in a position inner side of the contact portion of the ball valve 6. 

The upper end portion of the spring 10 is in contact with the lower end portion of a spring adjuster 1 1 for adjusting 
opening and closing force of the ball valve, and the spring adjuster 1 1 is inserted in the center of the core 2. In order to 
prevent fuel from lowing out through a gap between the core and the yoke 3, an 0-ring 1 2 is provided between the both. 



6 

BNSDOCID: <EP 0790404A1 J_> 



EP 0 790 404 A1 

A coil 14 for exiting the magnetic circuit is wound around a bobbin 13. and the periphery is molded with a plastic mate- 
rial. A terminal 18 of a coil assembly 16 having the core 2. the coil 3 and the bobbin 13 is inserted into a hole 17 pro- 
vided in a brim portion of the core 2, and an O-ring 19 is interposed between the terminal 18 and the core 2. 

A plunger receiving portion 20 engaging with the plunger 4 is bored near the lower end portion of the yoke 3, and 
5 under the plunger receiving portion a nozzle receiving portion 22 having a larger diameter than the plunger receiving 
portion 20 and engaging with a stopper 21 and a nozzle member 7 is formed in penetrating up to the top end of the 
yoke. 

A movable portion 4a comprises a plunger 4 made of a magnetic material, a rod 5 jointed to the plunger 4 in one 
end and a pole 6 in the other end, and a guide ring 23 fixed to the upper opening portion of the plunger 4 and made of 

10 a non-magnetic material. Further, a cylindrical fuel swirl element 26 is inserted into an inner wall of the hollow portion 
of the nozzle member 7. The guide ring 23 is guided with an inner wall of a hollow portion bored in the top end of the 
core 2. and the ball 6 is guided with the inner peripheral surface 27 of the fuel swirl element 26. In the nozzle member 
7, the sheet surface 9 is formed following to the cylindrical fuel swirl element 26, and an opening 8 is provided in the 
center of the sheet surface 9 so that fuel can flow through. A stroke (upward moving amount in the axial direction) of 

75 the movable portion 4a is determined by the dimension of the gap between a receiving surface 5a of the neck portion 
of the rod 5 and the stopper 21 . In order to prevent dust or foreign material in the fuel and the piping from entering into 
the valve sheet side, a filter 28 is provided in the inlet portion of the electromagnetic fuel valve. 

A cylindrical nozzle cover 30 with bottom is mechanically fixed to the top end periphery of the nozzle member 7 
through an insulator 29, as shown in detail in FIG.7. The insulator 29 is formed of a comparatively thin thickness mate- 

20 rial having a low thermal conductivity, for example, a stainless steel or a nickel alloy In the other hand, the nozzle cover 
30 is formed of a material having a high thermal conductivity such as a brass or an aluminum alloy so as to be easily 
heated by combustion heat of the engine. A communicating hole 31 and a fuel injecting hole 32 for injecting fuel are 
provided in the central portion of the insulator 29 and the central portion of the nozzle cover 30, respectively, and the 
holes are communicated with the opening portion 8 in the upstream side. Further, in the nozzle cover 30, there is pro- 

25 vided a taper hole 33 which is extended from the fuel injecting hole 32 and is formed in a cone surface of which the 
diameter is increased as it goes to the exit side, and the top end surface 33a is slightly projected out of the end surface 
30a. 

The top end portion of the electromagnetic fuel injection valve 1 formed in such a construction can be easily heated 
to higher than 550 °C . In the other hand, although the electromagnetic fuel injection valve 1 is cooled by fuel contained 

30 inside during intake stroke, temperature drop in the top front portion is smaller than that in the prior art since the fuel is 
closed at the sheet portion. That is, in the prior art, the surface temperature of the electromagnetic fuel injection valve 
is lowered to 130 to 200 **C . However, in the present embodiment, the electromagnetic fuel injection valve can be main- 
tained for a long time at a high temperature in the range from vaporization temperature of deposits of 550°C to burning 
temperature of combustion temperature of 1050 . Further, deposits are hardly produced near the sheet portion irre- 

35 spective of combustion stroke, intake stroke and so on since the sheet is cooled by fuel. 

The fuel swirl element 26 and the valve portion will be described in detail below, referring to F1G.4 to F1G.6. The 
fuel swirl element 26 has four axial direction grooves 34 and four radial direction grooves 35 arranged symmetrically 
with respect to the axis. In the present embodiment, although the axial direction groove 34 is formed in a D-cut surface, 
the other shape such as annular passage and so on may be employed and number of passages is not limited to four. 

40 The axial direction groove 34 and the radial direction groove 35 are fuel passages for introducing fuel from the upstream 
side of the ball valve 6. and the fuel passed through the axial direction grooves 34 is introduced eccentrically with 
respect to the axis by the radial direction grooves 35.Thus, the fuel is swirled and promoted to be atomized when the 
fuel is injected through the fuel injecting hole 32 provided in the nozzle coyer 30. 

Swirl intensity (swirl number S) applied by the fuel swirl element 26 is given by the following equation. 



45 



SO where 



S=(angular momentum)/(momentum in injection axial direction x radius of fuel injection hole) (1) 
=2 • do • LJr\ • dg^ • cos (e/2) 



do : diameter of fuel injection hole 
Lg : eccentricity of groove 
n : number of grooves 
ss e : angle of valve sheet 

ds : fluid dynamic equivalent diameter which is expressed by the following equation using a groove width W and a 
groove height H. 
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ds=2 • W • H/(W+H) (2) 

When the swirl number is large, the atomlzation is promoted and the fuel spray is dispersed. In practical use. the swirl 
number is preferably 1 .2 to 7.0, and more preferably 1 .2 to 3.2. 

5 Since the electromagnetic fuel injection valve in the present invention is projected into the combustion chamber, it 

cannot be avoided that deposits and soot attach onto the exit portion of the fuel injecting hole 8. Therefore, measure- 
ment of injecting fuel flow rate in the present invention is performed using the valve portion Instead of using the fuel 
Injecting hole in the prior art. That is, letting the ball diameter on the plane of the tangent line of the ball valve 6 and the 
sheet surface 9 closing the fuel passage be D, the sine of distance between the ball valve 6 and the sheet surface 9 

10 yNhen the movable portion 4a is lifted up from the closing state by 1 (one) be h, and the diameter at a point Intersecting 
the perpendicular line with the sheet surface 9 at that time be D^, the opening passage area SV for the fuel formed in 
the portion of the ball valve 6 can be expressed as follows. 

SV=(7i/2)(D 1 +D){(D yD)^/4 + h^}^^ (3) 

15 

The flow passage area SO at the fuel injecting hole 8 is expressed as follows. 

S0=7t ' d 0 ^/4 (4) 

20 Therefore, a fuel rate at the ball portion can be measured when SO > SV. Thereby, even if deposits and soot are 
attached onto the exit portion of the fuel injecting hole 8 to increase the flow resistance in the fuel injecting hole 8, an 
amount of fuel required for the internal combustion engine can be Injected since the fuel is measured at the ball valve 
portion where there is no effect of the deposits and the soot. It is preferable that the axial length of the narrowest portion 
of the fuel Injecting hole 8 is 0.1 mm to 0.4 mm. By doing so, it Is possible to effectively use the swirl applied to the fuel. 

25 Operation of the electromagnetic fuel Injection valve 1 constructed as above will be described below. The valve 

sheet 9 of the electromagnetic fuel injection valve 1 is opened and closed by operating the movable portion 4a corre- 
sponding to an electric ON-OFF signal input to the electromagnetic coil 14 By doing so. the fuel injection is controlled. 
When an electric signal is input to the coil 14. a magnetic circuit is formed by the core 2. the yoke 3 and the plunger 4. 
the plunger 4 is attracted toward the side of the core 2. As the plunger 4 is moved, the ball valve 6 integrated with the 

30 plunger is detached from the sheet surface 9 of the valve sheet of the nozzle member 7 to open the fuel injecting hole 
32. Fuel Is pressurized and adjusted through the fuel pump, not shown, and the regulator for adjusting fuel pressure, 
and flows into the inside of the electromagnetic fuel injection valve 1 through the filter 28. and successively flows 
through the lower passage of the coil assembly 16, the outer peripheral portion of the plunger 4, the gap between the 
stopper 21 and the rod 5. the axial direction grooves 34 and the radial direction grooves 35 of the fuel swirl element 26. 

35 and is supplied to the sheet portion in a form of swirl flow. Then, the fuel is Injected into the combustion chamber of the 
engine through the fuel injecting hole 32 at the time when the valve Is opened. 

In the present emlxdlment, since the combustion heat of the engine appropriately heats the nozzle cover 30 made 
of a high thermal conductive material and raises the temperature of the whole nozzle cover 30 to nearly 550°C, temper- 
ature of deposits exceeds its evaporating terrperature of self-cleaning temperature. As the result, attaching and accu- 
se mulating of deposits and soot can be suppressed. Thereby, variation over time In fuel injection from the fuel injecting 
hole 32 provided in the central portion of the nozzle cover 30 Is hardly occurs, and a stable fuel injection can be attained. 
Furthers by employing the taper hole 33 of which the diameter is increased as it goes to the exit side continuing from 
the fuel injecting hole 32. and the shape of the top end surface 33a is slightly projected out of the end surface 30a of 
the nozzle cover 30, the heat receiving area is Increased. 

45 FIG. 8 Is a vertical cross-sectional view showing another embodiment of a top end portion of an in-cylinder fuel 

injection device in accordance with the present invention. A different point of the embodimerrt from the first embodiment 
described above is that gaps 41 , 42 are provided between the nozzle member 7 and the nozzle cover 40. Heat trans- 
ferred from the nozzle cover 43 to the nozzle member 7 Is decreased by the gaps 41, 42. As a result, temperature of 
the nozzle cover 40 can be easily increased to a self-cleaning temperature of the deposits, and consequently it is pos- 

50 sible to suppress deposits from attaching and accumulating onto the fuel injecting hole 43 provided in the central portion 
of the nozzle cover 40. Further, since the taper hole 33 of which the diameter is increased as it goes to the exit side 
continuing from the fuel Injecting hole 32. and the shape of the top end surface 33a is slightly projected out of the end 
surface 30a of the nozzle cover 30 as the same as in the above embodiment, the heat receiving area is increased. Fur- 
thermore, according to this embodiment, since thermal deformation of the members can be absorbed by the gaps, it is 

55 possible to realize a high reliable electromagnetic fuel Injection valve capable of preventing deposits and soot from 
attaching with a simple construction. 

FIG.9 is a vertical cross-sectional view showing a modified embodiment of the top end portion of an in-cylinder fuel 
injection device of FIG.8. In this modified embodiment, a means for increasing heat receiving area is added to the 
embodiment sown in FIG.8. That is, the side end surface of the nozzle cover 50 in the side of the combustion chamber 
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is formed in a serrate uneven surface 52. In this embodiment, since gaps 51, 52 are also provided between the nozzle 
member 7 and the nozzle cover 50 as the same as In the embodiment shown in FIG.8, the same effect as in the embod- 
iment of FIG.8 can be obtained. 

As for the methods and the means receiving heat other than the aforementioned embodiment and the modified 
5 embodiment described above, there are. for example, a method of vapor-depositing metallic particles having a high 
thermal conductivity onto the surface of the nozzle cover, a method of performing surface treatment so as to roughing 
the surface of the nozzle cover, and a method of coating the surface of the nozzle cover with a catalytic material having 
oxidizing action. 

FIG. 10 is a vertical cross-sectional view showing a further embodiment of a top end portion of an in-cylinder fuel 
io injection device in accordance with the present invention. A different point of the embodiment from the embodiments 
described above is that an air-intake passage 61 is provided between the nozzle injecting hole 7 and the nozzle cover 
60. In this embodiment, the fuel injecting hole 62 is formed continuously In the downstream side of the valve sheet 9 of 
the nozzle member 7, and a taper hole 63 of which the inner diameter increases as it goes toward the exit side is formed 
continuously to the fuel injecting hole 62. The nozzle cover 60 has an air-intake passage 61 for guiding air from the 
15 outer periphery to the inner side to allow the air passed through the air-intake passage 61 to flow from the injecting hole 
64 into the combustion chamber. When the intake air is flowing into the combustion chamber, the intake air blows off 
the liquid droplets attached on the surrounding of the end surface downstream of the taper hole 63 which are formed 
by fuel mist injected form the fuel injecting hole 62, Therefore, it is possible to suppress deposits from attaching and 
accumulating on the surrounding of the fuel injecting hole. The effect can be further increased by employing a nozzle 
20 cover 60 made of a high thermal conductive material or having an improved heat receiving effect, as in the embodi- 
ments described above. 

FIG.1 1 shows a further embodiment of an in-cylinder fuel injection device in accordance with the present invention 
in which a part of intake air is blown from the side surface of the in-cylinder fuel injection device 76. During air-intake 
stroke introducing air into the cylinder, fuel is injected at the same time when air is taken in. At this moment, a part of 

25 intake-air is introduced into an air-intake chamber 100 formed by the in-cylinder fuel injection device 76, an inserting 
hole 97 of the cylinder head 89, and sealing members 98. 99. That is, the intake-air is introduced through an air-intake 
passage 101 and an intake -air control valve unit 102 provided in the cylinder head 89. At the moment, the intake-air 
blows off the fuel droplets attached onto the surrounding of the in-cylinder fuel injection device 76 to flow into the com- 
bustion chamber together with the fuel droplets. With entering in compression stroke, inner pressure of the combustion 

30 chamber is started to increase. Then, the air-intake control valve unit 102 is operated to prevent the mixed gas from 
flowing backward into the cylinder head 89. When combustion is started after compressing the mixed gas, combustion 
heat is immediately transmitted to the in-cylinder fuel injection device 76 and consequently temperature of the top end 
portion of the in-cylinder fuel injection device is increased. Thereby, the temperature of the top end portion of the in- 
cylinder fuel injection device is easily heated up to the self-cleaning temperature of deposits described above to sup- 

35 press deposits and soot from attaching and accumulating. 

Claims 

1 . An in-cylinder fuel Injection device for directly injecting fuel into an combustion chamber (96) of an internal connbus- 
40 tion engine (70) in which a fuel passage tor passing fuel is formed, which comprises: 

a valve member (1) for opening and closing said fuel passage, a fuel swirl member (26) for giving swirl to fuel 
provided in the upstream side of an opening and closing portion of said valve member (1), a fuel injecting hole 
member (7) having a through hole (8) for passing fuel provided in the downstream side of said opening and 
closing portion, and a cover member (30. 40, 50, 60) for covering said fuel injecting hole member (7) having an 
injecting hole (32, 42, 52. 62) and made of a high thermal conductive material. 

2. An in-cylinder fuel injection device according to claim 1 , wherein said cover member (30, 40, 50, 60) is made of any 
one of a brass and an aluminum alloy. 

50 

3. An in-cylinder fuel injection device according to claim 1. wherein at least one concave portion is formed on a sur- 
face of said cover member (30, 40. 50, 60) in a side of contacting with said fuel injection member. 

4. An in-cylinder fuel injection device according to claim 1, wherein surface temperature near the injecting hole (32. 
55 42. 52. 62) of said cover member (30, 40, 50. 60) is raised to at least 550**C during operation of the internal com- 
bustion engine (70). 

5. An in-cylinder fuel injection device for directly injecting fuel into an combustion chamber (96) of an internal combus- 
tion engine (70) in which a fuel passage for passing fuel is formed, which comprises: 
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a valve member (1) for opening and closing said fuel passage, a fuel swirl member (26) for giving swirl to fuel 
provided in the upstream side of an opening and closing portion of said valve member (1), a fuel injecting hole 
member (7) having a through hole (8) for passing fuel provided in the downstream side of said opening and 
closing portion, said fuel injection member having a thermal conductance Improving member (50) for improving 
5 thermal conductance to the side facing the combustion chamber (96) of the internal combustion engine (70). 

€. An in-cylinder fuel Injection device according to claim 5, wherein said thermal conductance improving member (50) 
Is a member for increasing a surface area (52) thereof by forming any ones of projections and depressions. 

10 7. An In-cylinder fuel Injection device according to claim 5, wherein said thermal conductance Improving member (50) 
is a surface vapor-deposited layer for increasing thermal conductance. 

8. An in-cylinder fuel Injection device for directly injecting fuel into an combustion chamber (96) of an Internal combus- 
tion engine (70) in which a fuel passage for passing fuel is formed, which comprises: 

15 

a valve member (1) for opening and closing said fuel passage, a fuel swirl member (26) for giving swirl to fuel 
provided in the upstream side of an opening and closing portion of said valve member (1), a fuel injecting hole 
member (7) having a through hole (8) for passing fuel provided in the downstream side of said opening and 
closing portion, a cover member (30) for covering said fuel Injecting hole member (7) having an injecting hole 
20 (32) made of a high thermal conductive materia!, and a thermal convection preventing means for preventing 

thermal convection from said cover member to said fuel injecting hole member provided between said cover 
member and said fuel injecting hole member. 

9. An In-cylinder fuel injection device according to any one of claim 1 , claim 5 and claim 8, wherein distance in the 
25 axial direction of the narrowest portion of the through hole provided in said fuel Injecting hole member Is within the 

range of 0.1 to 0.4 mm. 

10. An in-cylinder fuel injection device for directly injecting fuel Into an combustion chamber (96) of an Internal combus- 
tion engine (70) in which a fuel passage for passing fuel is formed, which comprises: 

30 

a valve member (1) for opening and closing said fuel passage, a fuel swirl member (26) for giving swirl to fuel 
provided in the upstream side of an opening and closing portion of said valve member (1), a fuel injecting hole 
member (7) having a through hole (8) for passing fuel provided in the downstream side of said opening and 
closing portion, and a cover member (30, 40, 50, 60) for covering said fuel injecting hole member (7) having an 
35 injecting hole (32, 42, 52, 62) made of a high thermal conductive material, wherein an amount of fuel to be 

injected into the internal combustion engine (70) is measured in the opening and closing portion of said valve 
member (1). 

1 1 . An in-cylinder fuel injection device for directly injecting fuel into an combustion chamber (96) of an internal combus- 
40 tion engine (70) in which a fuel passage tor passing fuel is formed, which comprises: 

a ball valve member (6) for opening and closing said fuel passage, a fuel swirl member (26) for giving swirl to 
fuel provided In the upstream side of an opening and closing portion of said ball valve member (6), a through 
hole member (7) having a through hole (8) for passing fuel provided In the downstream side of said opening 
45 and closing portion, and a cover member (30, 40. 50. 60) for covering said through hole member (7) having a 

fuel injecting hole (32, 42, 52, 62) in the center thereof, wherein an opening flow passage area (SV) of the 
opening and closing portion of said ball valve member (6) and a flow passage area (SO) of the fuel Injecting 
hole (32, 42, 52, 62) formed in said cover member (30, 40, 50, 60) satisfy relationship of SV<SO. 

50 12. An in-cylinder fuel Injection device according to any one of claim 1 to claim 1 1 , which includes an electromagnetic 
type fuel Injection device (76). 

1 3. An internal combustion engine comprising a cylinder (94), a cylinder head (89) for covering an upper portion of said 
cylinder (94), an intake manifold (88) forming an Intake air passage for guiding intake air provided in said cylinder 
55 head (89), an exhaust manifold forming an exhaust gas passage for guiding exhaust gas provided in said cylinder 
head (89), an intake valve (90) for choking said intake air passage, an exhaust valve (92) for choking said exhaust 
gas passage, and a spark plug (91). wherein 

a fuel injection device (76) for directly injecting fuel into a combustion chamber (96) formed by said cylinder 



10 
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head (89) and said cylinder (94) is provided, said fuel injection device (76) comprising a fuel flow passage for 
passing fuel inside, a valve member (1) for opening and closing said fuel passage, a fuel swirl member (26) for 
giving swirl to fuel provided in the upstream side of an opening and closing portion of said valve member (1), 
a fuel injecting hole member (7) having a through hole (8) for passing fuel provided in the downstream side of 
said opening and closing portion, and a cover member (30, 40, 50, 60) for covering said fuel injecting hole 
member and made of any one of a brass and an aluminum alloy. 

14. An internal combustion engine comprising a cylinder (94), a cylinder head (89) for covering an upper portion of said 
cylinder (94), an intake manifold (88) forming an intake air passage for guiding intake air provided in said cylinder 
head (89). an exhaust manifold forming an exhaust gas passage for guiding exhaust gas provided in said cylinder 
head (89), an intake valve (20) for choking said intake air passage, an exhaust valve (22) for choking said exhaust 
gas passage, and a spark plug (21), wherein 

a fuel injection device (76) for directly injecting fuel into a combustion chamber (96) formed by said cylinder 
head (89) and said cylinder (94) is provided, said fuel injection device (76) comprising a fuel flow passage for 
passing fuel inside, a valve member (1) for opening and closing said fuel passage, a fuel swirl member (26) for 
giving swirl to fuel provided in the upstream side of an opening and closing portion of said valve member (1), 
a fuel injecting hole member (7) having a through hole (8) for passing fuel provided in the downstream side of 
said opening and closing portion, and a cover member (30) for covering said fuel injecting hole member (7) and 
made of any one of a brass and an aluminum alloy, and a thermal convection preventing means for preventing 
thermal convection from said cover member (30) to said fuel injecting hole member (7) provided between said 
cover member (30) and said fuel injecting hole member (7). 

15. An internal combustion engine comprising a cylinder (94). a cylinder head (89) for covering an upper portion of said 
cylinder (94). an intake manifold (88) forming an intake air passage for guiding intake air provided in said cylinder 
head (89). an exhaust manifold forming an exhaust gas passage for guiding exhaust gas provided in said cylinder 
head (89), an intake valve (20) or choking said intake air passage, an exhaust valve (22) for choking said exhaust 
gas passage, and a spark plug (21). wherein 

a fuel injection device (76) for directly injecting fuel into a combustion chamber (96) formed by said cylinder 
head (89) and said cylinder (94) is provided, said fuel injection device (76) comprising a fuel flow passage for 
passing fuel inside, a ball valve member (6) for opening and closing said fuel passage, a fuel swirl member (26) 
for giving swirl to fuel provided in the upstream side of an opening and closing portion of said ball valve member 
(6), a through hole member (7) having a through hole (8) for passing fuel provided in the downstream side of 
said opening and closing portion, and a cover member (30) for covering said through hole member (7) in the 
center thereof, wherein an opening flow passage area (SV) of the opening and closing portion of said ball valve 
member (6) and a flow passage area (SO) of the fuel injecting hole (32) formed in said cover member (7) sat- 
isfy relationship of SV<SO. 
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FIG.3 
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FIG.4 
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FIG. 6 
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FIG. 1 1 
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